| cote) 


Cie ira 
DEPARTMENT OF THE INTERIOR ora ov 


H HUBERT WORK, SkEcRETARY 


{| ¢, BUREAU OF MINES 
| * » “HOFOSTER BAIN, Dirgcror 
} 


The cain ts) 


“SMOKE ABATEMENT 


BY 


OSBORN MONNETT 


WASHINGTON 
GOVERNMENT PRINTING OFFICE 
1923 


The Bureau of Mines, in carrying out one of the provisions of its organic act—to 
disseminate information concerning investigations made—prints a limited free edition 
of each of its publications. 

When this edition is exhausted, copies may be obtained at cost price only through 
the Superintendent of Documents, Government Printing Office, Washington, D. C. 

The Superintendent of Documents is not an official of the Bureau of Mines. His is 
an entirely separate office and he should be addressed: 

SUPERINTENDENT OF DocuMENTs, 
Government Printing O fice, 
Washington, D. C. 

The general law under which publications are distributed prohibits the giving of 
more than one copy of a publication to one person. The price of this publication is 
15 cents. 


First edition, August, 1923. 


piatzesy GOOgle ‘sie mtan 


CONTENTS. 


Page. 

Introductionzs, 3.25.j¢252te2 shig255 ise gscagpoae ea ot ene se bees ceacehsagaeeee 1 
Work of-civic:orranizationssc sc. cscisisie does cdasSecwe doa. er ne Wes padhasits . 2 
Determination of atmospheric impurities. ...........22-2.22-22-2.-0-2------ 3 
Cotn Position Of PUTE.AIP. 00.312 5210 5.5.50 ca sie'ee ss ese scieny Ses sscle sacigiste gasses aley 3 
Nature of atmospheric pollution. .............2.-2-. 25.220. e eee eee ee eee eee ee 4 
Effect of atmospheric pollution upon health, vegetation, and property........- 4 
Health..:25:- 5. eer sce: SISA EEDA OMS S Pat AG eLAS USS otk DUA TEaE 5 
VOROMIONS o-26 20 c'as(2,a6 os cog FOS OC ASS MITES EC so MaMa roPash sate eseiss 5 
PYOPelty: .o 3 a1s store :srasecainng od 3 a's toe Srovsrsialg gon ws SHI fala bl AA Maes SNe see fea 5 
Possibilities of smoke abatement.................+.-------- sSRecersdaeac sas 5 
Domestie smoke. problem ..225.sc<sicva sec cows pea tecseegeg oe swetets aa ecdean 8 
Proper Methods s.3ci¢-desa snd saascvgae snes aee haahieneeaereg 2.55 BEES Sa 9 
Tests with hot-blast stove No, 15........-.....2-...-2.2020-0-2-0-0-- 9 

Teats with hot-air fUPnuce 5 5.s 20a cie ois 2% Sieia/csinaynrata ses 2a sats cigsmiaieley sce 10 

PLORte WAU B PANHOS, 253.55 Gact asa eal oaiswa ts pecasesdaanayeaeaes 10 

Tests with square sectional steam boiler............-.......2..22+--- 11 

Tests with Williamson underfeed steam boiler. ................-.--- 11 

Other pos hiliflss.s.2653¢ass2cecneeste trees tied vy osesd maess Beas aslncon 12 
CORO: ct sosscc arses Ghee ats Qes deteaws gone ndAs anscees Sileisabisigoreien dul 3 
Bligh=temperatune ‘Coke 5.5 tesla 05h esac doode snes sense dens 13 
Low-temperature Coke.......0... 0.2 eee cece cece ce eee cece tees eeeees 14 

Conle’ tested :'s ders cashes tsts.05osecseecdcevebs anes asacgs 5 0eRe awe 14 
Description of apparatus and methods............ RSaPeaoSyekosesess 15 
Disposal of by-products o.6(..0.c0.05 scot oc eeess Leesa ssidegatesecs 18 
Low-temperature coking investigation..............-.2...22-22--00 18 
Apparatus for carbonizing 8-pound samples. .........-......--2.---- 18 
Character of. cdke produced: i csscsceiscsec ans gic sdaasgsssassesscass 21 
Tndhstrialh amok. 3:2 dicsa sous snc52hee ces eta sedcsatesateees GAGs bas Jesces 22 
Hgud-hred: furnaces. «.escicpedesa: ses0scessasteatassyssseseesas ge cosas 22 
Stokersfired plantas... bocGodsew.d chaies an aeaseosad seeaweh sted pecd ca selec 22 
Metallurgical and special furnaces. ............--0-2. 2222-2 e eee eee eee eee 23 
Locomotive smokekte.sascjsceccisedine dct osg sega el oeesieeiekeseseeees 23 
Methods-to be employes... scase de sa csnsanuesacots ctgeeddstieetecdece 24 
Smoks ordinances 2516. .a5.cis hose onik's aN Eseoslacacsaenwr ved eeseess 24 
Chief sinoké: Inspectors 3.2.4 ..< s0s Soaps ee Lodi decsshnagae Hacsoesaeeees 25 
Deputy smoke iispectorss. 05025 2880 o5 Seep ene ssRamesese ese sss ases 25 
Smoke-abatement commission. ............2-. 22222202 0ee eee eee eee eee 25 
POMS. 50 20500 cies RS clean ce e8 RSS eset swaatew atdae mndstospedeedeeds 26 
COdGL. 2 cece aasas de ac pasa sis Nat emmebinnss seis OSan a 55 FSET TEA RERS sooema ee 26 
Validity of antismoke regulations. ...........22.2..2.22-22200eeeeee 26 
Horizontal return tubular boilers.......--....2.---.- 22 - eee eee ee eee 27 
Water-tube' botlerd. «022 222.0cs sspcekstaware slacage mcs ane casi pessecs 28 

Scotch manne boilets:.- 22205 cacsscaeseecusctdosiessiaesbssecdoacs 29 
Fire-box and tubular return, flue-type boilers......... Pe errs 29 

Round or square cast-iron, sectional and miscellaneous boilers. .... <a 29 

Hot-air furnaces s:s.sc2cssecesaanid Liste wals eh ee22 basset tes cienesscse 29 
Portable boilers..... Sie eed hes sees Went snGcmuast meses ese. * 29 
Miscellaneous flue construction, etc.......... Ro cssetenabeucetateeade 29 


Diatizes by (GO gle RINCETON UNIVERSITY 


IV CONTENTS. 


Smoke ordinances—Continued. Page. 
Prohibition Clases 5sc605sseescocd 352055 segs deastiaceaeeebelonsaneys 29 
Dense:emoke nulrances.. 550.6. 3022222500 sec aesnk sade ae eakeccsce tis 30 
Ofte Procedure ssc 22.55.52 cetSk ars sts Sot TAT aAseSAseelte be go see esie's 30 
Publications relating to coal smoke. ............--2-...02-200--20-22e0ee 31 
ILLUSTRATIONS. 

Piate I. Typical instruction card for distribution to householders. ........... 2 
II. Classes of smoke according to Ringelmann chart................---. 3 
IIL. Different methods of firing various types of boilers and furnaces....-. 8 
IV. ‘Starting fires front thetopis:<2se5255l2ceset Sas ds oe set etiecezadecns 9 
V.c Utahicoals tested 22205224 ie os552.cc2 Gh Gulsacd 2 sbeasaceasecsedes 14 
VI. Utah coals tested, continued ......-..............2022 eee eee eee eee 15 

VII. A, Industrial district before smoke-abatement campaign; B, In- 
dustrial district after smoke-abatement campaign. ....-......---- 24 
VII. Metallurgical plant before adjustment of furnaces.............------ 25 
1X. Metallurgical plant after adjustment of furnaces........2...2-...--- 24 

X. Railroad district, including roundhouse, cinder pits, and parking 
space, before smoke-abatement campaign...................----- 25 
XI. Normal appearance of railroad district one year later.........-....-- 24 

XII. A, Locomotive without smoke-abatement devices in operation; B, _ 

Same locomotive six seconds later with devices in operation...... 25 
Figure 1. Ordinary method of firing... 2.2... ....... 2c eee ee eee ene eee eee eee 9 
2. Cokitip, method: of firing). 225 ci. 5 Secs Fanta shebe a eeacdes cekeeess 12 
3. Alternate:method of firing.<:2c: 2.2.5 .s00..2-cccscstssctcesecisscsaae 13 
4, Diagrams of equipment for by-product coking tests ............... 15 


Digitized by (50K gle PRINCETON UNIVERSITY 


SMOKE ABATEMENT. 


By Ossporn Monnetr. 


INTRODUCTION. 


The increase of the smoke nuisance in the United States has fol- 
lowed directly the progress of industrial development. When towns 
were small and a large proportion of the population lived in the 
country, the smoke nuisance was unknown. As people concentrated 
in the cities, there followed a tremendous increase in the utilization 
of power and heat, and coal became the only feasible fuel where wood 
had largely sufficed before. In fact, one of the basic raw materials 
of our civilization to-day is coal. Five-sixths of that mined in the 
United States is bituminous or soft coal containing a large proportion 
of volatile matter which makes smoke if not properly burned. This 
volatile matter is easily affected by heat and distills off rapidly when 
coal is thrown on a fire. It is difficult to supply, at the proper time, 
enough air (oxygen) to unite with this volatile matter. Unless 
enough oxygen is supplied to burn completely the hydrocarbons com- 
posing the volatile matter, these hydrocarbons condense as soot 
which is precipitated on heating surfaces, and as smoke which 
escapes into the surrounding atmosphere. 

The deposit of soot on the heating surface of boilers and furnaces 
causes a serious economic loss by interfering with the efficient trans- 
mission of heat from the fire to the boiler or heater. In addition, 
the smoke that escapes into the atmosphere in smoke-ridden com- 
munities causes a considerable per capita loss to citizens through 
the damage to fabrics and merchandise, and also by the necessary 
extra cleaning and repairs. 

As smoke causes so much loss and annoyance, it is not surprising 
that efforts have been made to abate the nuisance. Some 50 or 
60 cities in this country already have smoke ordinances. In the 
campaign for smoke abatement, the Bureau of Mines took an active 
part—as is shown by the publications it has issued.' 

The campaign was suspended during the World War, when most 
of the smoke ordinances throughout the country were held in abey- 
ance with the intent of allowing industries to operate unrestrictedly 
during the time when maximum production was necessary. 

With the return of normal conditions there has been renewed 
interest in smoke abatement, and many cities have shown a deter- 
mination to take up this matter seriously and work out a solution. 
Efforts in the past have been more or less spasmodic, but the need for 


1 See publications of the Bureau of Mines that are listed at the end of this report. 1 
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smoke abatement has increased with industrial activity, until in some 
districts it is becoming one of the most important of civic questions. 

The broad assertion can be confidently made that any operation 
requiring fuel can be conducted without objectionable smoke, and 
yet use bituminous coal in some form. 

If smoke abatement were merely an engineering problem it would 
present no difficulty." Experience has shown, however, that the 
problem is not so much an engineering as a psychological one. The 
attitude of the public seems to be more important than the technical 
questions involved. Communities get just as much Jaw enforcement 
as they desire. Until the public is thoroughly roused, demands 
smoke abatement, and shows continued interest in it, no permanent 
improvement is possible. Thus the part played by civic organiza- 
tions and other bodies interested in bettering conditions is of high 
importance, Smoke abatement is not a matter that can be settled 
overnight and then left to take care of itself without attention, but 
is something that must be watched year in and year out if high 
standards are to be maintained. 

In places where the most success has been realized, active and 
aggressive campaigns by civic organizations have preceded the work 
of abatement, and organized efforts to maintain the standard sought 
have followed it. Usually an investigation of the actual conditions 
of the city and territory has been made, which has been followed 
by a report and recommendations as to procedure. When the recom- 
mendations have been put into effect, the organizations persistently 
follow them up from year to year. In the city of Cincinnati the 
Smoke Abatement League has for years maintained a staff of smoke 
inspectors who by cooperating with the city authorities have gotten 
permanent results. 


WORK OF CIVIC ORGANIZATIONS. 


Many organizations assist in working out an educational campaign. 
Chambers of commerce and other business organizations can usually 
influence the large steam users and industries in general; women’s 
clubs can help with the domestic aspects of the problem; school 
centers can give lectures and general educational programs; and the 
Boy Scouts can distribute information in house to house campaigns. 
(Plate I shows a card for distribution to householders.) 

A form of propaganda that has brought beneficial results is the 
holding of a “Smoke Abatement Week,” during which the smoke 
question is discussed at the weekly meetings of all of the organizations 
in the city, posters are displayed, and newspapers give space to it. 
Such a program stimulates interest and gives the impetus necessary 
to the campaign. 


! See publications of the Bureau of Mines that are listed at the end of this report. 
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STARTING FIRE. 


. Clean grate thoroughly and adjust dampers for full draft. 

. Cover grate with coal to a depth of 5 or 6 inches, using small sizes, such as nut or eg7z. 
. Place small amount of paper on coal, cover with kindling, and light paper. 

. Leave drafts on until coal is well ignited. 

. Leave slide in fire door open. 


Crm oh 


ADDING COAL. 
. Shake out ashes. 
2. Fire fresh coal on low side of fuel bed. 


i 
2. 
3. At time of next pace repeat process, firing on opposite side of fire pot. 
4. Never cover all live coals with fresh coal. 

5. Leave slide in fire door open. 


TYPICAL INSTRUCTION CARD FOR DISTRIBUTION TO HOUSEHOLDERS, 
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No. 5 Smoke 


No. 4 Smoke 
CLASSES OF SMOKE ACCORDING TO RINGELMANN CHART. 
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COMPOSITION OF PURE AIR. 8 
DETERMINATION OF ATMOSPHERIC IMPURITIES. 


A complete survey of conditions, including the amount and char- 
acter of the fuel used, and a detailed study of the special problems 
to be solved is valuable when means for improvement are being 
devised and a program for intelligent procedure formulated. 

Exact knowledge of the nature and amount of atmospheric im- 
purities is of great value in carrying out plans for smoke abatement. 
Ringelmann chart readings show the density of smoke as it leaves the 
stack, thus indicating the relative importance of different classes of 
smoke and the amount sent into the atmosphere. They do not, how- 
ever, show how much of the smoke actually stays in the city; local 
topographic and weather conditions affect this profoundly. 

Statistics that show the concentration of soot and other impurities 
in the atmosphere indicate the sources of pollution in the order of 
their importance and definitely tell the engineer with what he must 
contend. They also serve as a standard of reference for the 
future to determine with accuracy the progress made in smoke abate- 
ment. In our cities to-day the air is polluted with soot and fine ash 
from burning coal, with dust from traffic and from industrial opera- 
tions, and with small amounts of poisonous gases from industrial 
plants and coal fires. These all aggravate the ‘‘smoke’’ nuisance 
and contribute to making city air more or less detrimental to the 
health of the inhabitants and injurious to property. 


COMPOSITION OF PURE AIR. 


We need pure uncontaminated air quite as much as we need pure 
food; small amounts of poisonous substances in either, tend to impair 
health. In addition, air laden with gas and soot damages property 
and vegetation. Thus the composition of the air that surrounds us 
is of importance to everyone. 

Pure country air free from water vapor and carbon dioxide con- 
tains, by volume, 78.06 per cent nitrogen, 21 per cent oxygen, and 
0.94 per cent argon. Country air free from water vapor normally 
contains about 0.03 per cent carbon dioxide or 300 parts per million 
of air. The percentage of water vapor is constantly changing; it is 
increased by heat, which evaporates moisture from the soil and from 
bodies of water; and is decreased by local cooling which precipitates 
the vapor as rain or snow. Air at sea level and at a temperature of 
85° F. may contain as much as 4 per cent by volume of water vapor. 
The proportion of water vapor in the air affects our comfort. In 
winter we feel colder in air nearly saturated with water vapor than 
in dry air, because the water vapor absorbs heat and our bodies 
become chilled sooner. In summer we feel the heat most on a still 
mugey day because perspiration is not rapidly evaporated then. 
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In acity, because of the industrial activities, the percentage of 
CO, may rise to 400 or 500 parts per million. In a crowded room 
the percentage may rise to 2,000 parts per million or more. In the 
small proportions found in open air, carbon dioxide is nonpoisonous. 
It is a negligible factor in the atmospheric pollution of cities. 


NATURE OF ATMOSPHERIC POLLUTION. 


City air is polluted in various ways: 

1. By soot from coal burned in industrial operations, large heating 
plants, and domestic stoves and furnaces. This soot is the chief 
source of harm and annoyance. It is a mixture of varying propor- 
-tions of carbons, tarry products of coal distillation, sulphur acids, 
and ash. Inhaled with the air we breathe, it lodges in the throat and 
nasal passages and the finer particles get into the lungs. The tar 
and sulphur acids make it an active irritant and predispose the 
breather to throat trouble and pneumonia. Soot soils and damages 
clothing, curtains, and woodwork and injures vegetation. 

Smoke from high-pressure boiler plants tends to be high in ash and 
contains little tarry matter. Smoke from low-pressure plants and 
from domestic stoves and furnaces is higher in tar acids and oily 
products of combustion, and is more detrimental to health, property, 
and vegetation. 

2. By gases from coal fires, from manufacturing plants, and from 
the decay of organic matter. Among these gases are sulphur dioxide, 
sulphuric acid, hydrogen sulphide, ammonia, chlorine, nitrogen 
acids, and carbon dioxide. Of these only sulphur dioxide, formed 
from the burning of coal, and sulphuric acid, formed from the sulphur 
dioxide by the action of air and water vapor, are usually present in 
more than negligible quantities. Both are poisonous and corrosive. 

In some places in the West there has been considerable litigation 
between farmers and ore-smelting plants as a result of damage to 
crops and live stock by sulphur dioxide from the plants. 

3. By dust not from fuel. This includes considerable quantities 
of fine dust from industrial and building operations, paving dust from 
traffic, pollen, spores, decayed organic matter, and soil. Such dust 
is as a rule less harmful to health and property. In Chicago the 
proportion of nonfuel dusts in the atmosphere is estimated at 41 per 
cent. 


EFFECT OF ATMOSPHERIC POLLUTION UPON HEALTH, VEGETA- 
TION, AND PROPERTY. 


The Chicago Association of Commerce through its committee of 
investigation on smoke abatement has thoroughly investigated the 
damage from atmospheric pollution. The conclusions of the com- 
mittee are as follows: 
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HEALTH. 


1. There is a general agreement among sanitary authorities that polluted air is 
harmful to health. 

2. At the present time there is no accurate method of measuring this harm, nor of 
determining the relative responsibility of the different elements that enter into the 
mixture of gases and solids commonly referred to as atmospheric air. 

3. The direct effect of smoke or any of its attributes, including soot, dust, and 
gases, in amounts which may ordinarily pervade the atmosphere of a smoky city is 
not shown to be detrimental to persons in normal health. 

4. The direct effect of smoke upon those who are ill has been most extensively 
studied in connection with tuberculosis and pneumonia. It appears that smoke does 
not in any way stimulate the onset of tubercular processes nor militate against the 
rapidity of recovery when once this disease has been contracted, but that it has a 
direct antiseptic effect and tends to localize the disorder. In cases of pneumonia the 
effect becomes seriously detrimental. 

5. In addition to these direct effects, indirect effects result from the diminution 
of sunlight and the increase in fogs, clouds, and haze. 

6. The general physical tone is lowered as the result of long-continued breathing 
of polluted air. 

VEGETATION. 


1. That smoke may exert injurious effects on vegetation. These effects may be 
direct or indirect. The direct effects are slow in asserting themselves, trees and plants 
exposed to them gradually losing vigor through a series of years until they perish. 

2. That the products of combustion which are most pronounced in their direct 
effects, are the soot and tar discharges and the sulphurous gases, though injury may 
occur as a result of increased acidity in the soil caused by smoke. 

3. That the indirect effects appear as a result of fogs induced by smoke, the occur- 
rence of which has sometimes injured or destroyed tender plants. 

4, That no basis is supplied upon which to judge the amount of smoke which is 
necessary to bring about injurious results; the effects described are generally such as 
have attended exposure to severe conditions. 


PROPERTY. 


1. Many of the facts involved are variable and indeterminate. 
2. Concerning the sources of loss and damage occasioned by smoke the following 
is to be noted: 

(a) The loss and damage caused by the gaseous products of combustion are due 
chiefly to their sulphur content. 

(b) The extent of loss and damage arising from the solids in smoke will, other 
things being equal, depend upon the character of the solids. For example, solids 
in the form of soot and oily distillates of fuel soil and deface more quickly than 
solids in the form of coke or ash particles. The former are characteristic of smoke 
from low-temperature fires such as those of domestic service; the latter are char- 
acteristic of smoke from high-temperature fires, such as those of high-pressure 
steam boilers and steam locomotives. 

3. An attempt to define the extent of losses regardless of the manner in which they 
arise at once discloses the lack of a definite or reliable standard of measure. 

4. In view of the many complex and variable factors involved, any attempt to 
secure an accurate or satisfactory solution of the problem must be elaborately organized 
and conducted. 


POSSIBILITIES OF SMOKE ABATEMENT. 

One of the things that civic organizations wish to know before 
seriously undertaking a campaign for smoke abatement is how much 
abatement is practicable. There is always some opposition to any 

39586°—23——2 
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activity of this kind, and the best answer to such opposition is that 
only reasonable methods of reduction are to be required and that 
steam users in general will not be subjected to unreasonable expense. 
Experience has shown that usually money spent in making alterations 
is returned with interest in better furnace conditions and more 
satisfactory operation. 

In order to show the possibilities in smoke abatement, a brief 
discussion of the method of measuring smoke density is presented here. 
By the Ringelmann chart system, smoke is divided into five grades 
or densities, numbered 1, 2, 3, 4, 5. No. 1 smoke is 20 per cent 
dense, or shuts out 20 per cent of the light; No. 2 smoke is 40 per 
cent dense; No. 3 smoke, 60 per cent; No. 4 smoke, 80 per cent; and 
No. 5 smoke, 100 per cent. The observer who is trained to read the 
density according to the Ringelmann chart, judges the density by 
eye as the smoke issues from the top of the stack. Plate II (p. 3) 
shows the five grades covered by the chart. Below is a convenient 
form for recording densities by minutes and fractions of a minute: 

Form for recording density of smoke according to Ringelmann chart. 
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Bi lastest [peseawtvaess|asgsza re Pees ree ed See Distance to stack 
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In watching a stack, the observer takes readings every 15 seconds 
over a definite period of time, generally 1hour. The readings then are 
reduced to the total equivalent of No. 1 smoke as a standard, and 
this smoke being 20 per cent dense the percentage density of the smoke 
is obtained by the formula: 


Equivalent units of No. 1 smoke x 0.20 
Minutes of observation. 


= percentage smoke density. 


This gives a figure that enables the observer to compare a stack 
with other stacks or with itself from time to time. The same scheme 
is used to reduce the smoke density of districts or the density of 
classes of smoke to a common basis for comparison. Thus indus- 
trial smoke in an average city will form about 45 per cent of the total 
smoke; heating smoke will average 20 to 25 per cent; locomotive 
smoke 15 to 20 per cent, and metallurgical and miscellaneous smoke 
will make up the balance. 

Figures like this serve to indicate the worst offenders and aid in 
concentrating efforts on the class of smoke most needing attention. 
The relative importance of the several classes of smoke producers 
varies with the seasons. Candy factories make more smoke in No- 
vember and December, whereas ice plants smoke their worst during 
the summer. Seasonal changes of production in other industries 
change the quota of smoke. By having the information tabulated 
month by month throughout the year, efforts can be concentrated on 
the most important smokers and maximum results can be obtained. 

In the high-pressure power plant it has not been difficult to work 
out engineering features that enable coal to be burned with the pro- 
duction of smoke of very low density. If a factory in a place where 
there are no smoke ordinances shows smoke of a density of 30 or 35 
per cent, it is reasonable to expect such a factory operating under any 
of the standard smoke ordinances will show smoke not denser than 2 
to 4 per cent. In other words, the density of the smoke can be re- 
duced about 90 per cent without imposing any hardship on the plant, 
and generally the accompanying increase in economy more than 
offsets any financial outlay necessary to get the results, 

Similarly, in the larger heating plants attended by skilled firemen 
the equipment can be expected to run with a smoke density less than 
3 per cent if the same equivalent in unrestricted territory shows a 
density of 20 per cent. For locomotives, observations taken in rural 
districts give an average smoke density of 49 per cent, whereas it has 
been shown repeatedly that locomotive operation within the city 
limits can come under 7} per cent density without any hardship and 
with distinct bettering of operating conditions. These figures will 
serve to give an idea of possibilities of smoke abatement and should 
encourage civic effort. 
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DOMESTIC SMOKE PROBLEM. 


When approaching the domestic smoke problem we realize that 
little has been done to standardize methods. Nearly all smoke ordi- 
nances exempt residences from all regulations. In the past, anthra- 
cite coal has been the principal domestic fuel of this country, and 
domestic smoke had, therefore, not been such a serious question, but 
as the country expanded and the cities grew, the demand for anthra- 
cite has far exceeded the supply. In the majority of homes in the 
West and Middle West, anthracite either is not obtainable or sells 
at prohibitive prices. We are, therefore, compelled to adopt methods 
of burning native coal in such a manner as to reduce the smoke and 
give satisfactory results. 

Residence smoke, while making probably less than 10 per cent of 
the total smoke of a city, is particularly objectionable because it is 
produced in the section where its damaging possibilities are at a 
maximum. The smoke is discharged at a comparatively low level 
as distinguished from the high chimneys of a factory; hence it drifts 
into the windows and throughout the residential territory very annoy- 
ingly. Moreover, smoke and the distillation products of high-volatile 
coal burned in the low temperature fire of the average domestic plant 
are much more objectionable than those of the same coal burned in 
a high-temperature fire, such as the furnace of a high-pressure power 
plant. Conditions in domestic plants are more favorable for the 
production of soot and smoke. The soot from an open fireplace, 
cook stove, or heater will run much higher in sulphur than the soot 
from a power plant. A low rate of combustion also favors the pro- 
duction of sticky tarry masses of hydrocarbons which are not broken 
up by the heat. These products of combustion are generally char- 
acterized by the thick yellow smoke from residence chimneys; this 
carries occluded sulphur compounds, which are deposited on buildings, 
metal work, curtains, and household furnishings where their effect is 
distinctly damaging. The sulphur dioxide (SO,) which issues from 
the chimney becomes oxidized to sulphur trioxide (SO,). The 
moisture of the atmosphere ultimately changes this to sulphuric 
acid (H,SO,), which is extremely undesirable in air. 

Such smoke has a serious pathological aspect in addition to its 
destructive effect on property. Acute lung diseases, such as pneu- 
monia, bronchitis, and pleurisy, are affected by these corrosive fumes 
to a marked degree. Investigators agree that there is a direct rela- 
tion between a heavy smoke-laden atmosphere and the morbidity 
of the population; moreover, it tends to lower efliciency and increase 
crime and suicide. 
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HOT-BLAST STOVES 


Ordinary method Coking method Alternate method 
HOUSE-HEATING FURNACES 


Ordinary method Coking method Alternate method Builaing @ fire 
SQUARE SECTIONAL BO0/LER 


Oramnary method Coking method Alternate method 
COAL RANGES 


Ordinary method Coking method Alternate method Underfeed method 


DIFFERENT METHODS OF FIRING VARIOUS TYPES OF BOILERS AND 
FURNACES. 
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STARTING FIRES FROM THE TOP. 


Place coal on grate to depth of 5 or 6 inches, using nut or egg sizes. Place paper on coal, 
cover with kindling. and light. 

Leave drafts on until coal is well ignited. The volatile matter immediately begins to distill 
off and burn, and a body of fire is built up without the usual smoke accompanying the 
operation, 
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DOMESTIC SMOKE PROBLEM, 9 
PROPER METHODS. 


The following data relate to a series of experiments at Salt Lake 
City, Utah, to develop the best means of operating household equip- 
ment with minimum smoke when a very high-volatile coal is burned. 
The idea of the experiments was to use existing furnaces rather than 
to change the equipment and thus add to the expense. 

Various types of boilers 
and furnaces were fired by 
the coking method, the 
alternate method, and the 
ordinary method of firing 
(see Pl. III). The result 
shows that a tremendous 
improvement can be made 
in smoke performance if 
the firing is done with in- 
telligent care. It should be 
possible to reduce smoke 
from 50 to 75 per cent with- 
out spending any money 
for additional equipment 
or changing anything ex- 
cept the methods of han- 
dling the fuel. 

Plate IV shows the prop- 
er method of starting fires 
from the top. This meth- 
od is that shown on the 
householder’s printed card 
(Pl. I). Ifa fire is started 
in this Wey; the volatile FigvrE 1.—Ordinary method of firing. Fresh coal is thrown 
matter begins to distill off on bed of hot fuel, smothering fire and causing soot, smoke, 
and burn alm ost imme- and explosions of accumulated gas. 
diately, and the fire is built up without the usual smoke. 


Tests witH Hot-Biast Stove No. 15. 
[Diameter of fire pot, 10 inches; diameter of stove, 14 inches; height of fire pot, 24 inches.] 
APPROVED METHODS. 


Test 1.—10.30 a. m.: Started fire by smokeless method with wood and 5 pounds of 
coal; height of fuel bed, 3 inches. 10.45. m.: Added 13 pounds of coal to fuel bed; 
tongues of flame immediately licked through fresh fuel bed and ignited volatile matter 
as it distilled; stack and ash-pit damper wide open. Maximum fire, 10.50 a. m. 
Fire became smokeless, 10.50 a.m. Smoke density, 2.5 per cent. 

Test 2.—12.45 p. m.: Started fire by smokeless method with wood and 18 pounds of 
coal; height of fuel bed, 13 inches; stack and ash-pit damper wide open. Maximum 
fire, 12.55 p.m. Fire became smokeless, 1.04 p. m. Smoke density, 0.4 per cent. 
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Test 5.—5.06 p. m.: Fired 18 pounds of coal by alternate method. Fire became 
smokeless, 5.11 p.m. Smoke density 1.91 per cent. 


ORDINARY METHODS. 


Test 3.—2.30 p. m.: Started fire by ordinary method with wood and 18 pounds of 
coal. 2.50p.m.: Flame broke through fuel bed; stack and ash-pit damper wide open. 
Maximum fire, 3 p.m. Fire became smokeless, 2.50 p.m. Smoke density, 15.8 
per cent. 

Test 6.—5.12 p. m.: Leveled coal bed so that coal covered live coals entirely (prac- 
tically ordinary method of firing). 5.22 p. m.: Flame broke through fresh coal and 
ignited volatile matter. No smoke following. Maximum fire, 5.27 p.m. Fire be- 
came smokeless, 5.23 p.m. Smoke density, 6.66 per cent. 


Tests with Hot-Arr FuRNACE. 
[Diameter of fire pot, 17 inches; height of fire pot, 36 inches.] 
APPROVED METHODS. 


Test 7.—3.18 p. m.: Fired 20 pounds of coal by alternate method; volatile matter 
ignited and burned at once. Maximum fire, 3.29 p. m. Fire became smokeless 
3.29 p. m. Smoke density, 4 per cent. 

Test 9.—3 p. m.: Started fire by smokeless method, using wood and 20 pounds of 
coal; height of fuel bed, 8inches. Maximum fire, 3.08 p.m. [ire became smokeless 
3.30 p. m. Smoke density, 2.92 per cent. 


ORDINARY METHODS. 


Test 10.—3.40 p. m.: Started fire by ordinary method, using wood and 20 pounds 
of coal; height of fuel bed, 8 inches. 3.43 p. m.: Flame broke through fuel bed and 
ignited volatile matter. Maximum fire, 3.52 p. m. Fire became smokeless, 4.18 
p.m. Smoke density, 11.2 per cent. 

Test 11.—3.26 p. m.: Fired 20 pounds of coal by ordinary method; height of fuel 
bed, 8 inches. 3.41 p. m., maximum fire. Fire became smokeless, 3.53 p. m. 
Smoke density, 22.6 per cent. 


Tests wItH A RANGE. 


APPROVED METHODS. 


Test 12.—10.26 a. m.: Started fire by smokeless method, using wood and 9 pounds 
of coal. Maximum fire, 10.34a.m. Stack damper wide open. Fire became smoke- 
less, 10.54 a. m. Smoke density, 5.25 per cent. 

Test 13.—11.07 a. m.: Started fire by smokeless method, using wood and 8 pounds 
of coal; stove damper open so gases pass out direct. Maximum fire, 11.13a.m,. Fire 
became smokeless, 11.21 a. m. Smoke density, 2.58 per cent. 

Test 14.—11.28 a. m.: Fired 8 pounds of coal by alternate method. Maximum 
fire, 11.31a.m. Fire became smokeless, 11.36 a.m. Smoke density, 1.08 per cent. 

Test 15.—11.48 a. m.: Fired 8 pounds of coal by coking method. Maximum fire, 
11.56 a. m. Fire became smokeless, 12.11 p.m. Smoke density, 4.17 per cent. 

Test 17.—12.37 p. m.: Fired 6 pounds of coal in front of stove by underfeed method; 
portion of coal ignited at once. Fire smokeless. Smoke density, 0 per cent. 

Tvst 18.—2.33 p. m.: Fired 8 pounds of coal in front of stove by underfeed method, 
poking vigorously; coal ignited at once. Maximum fire, 2.42 p. m. Very light 
haze. Smoke density, 3.7 per cent. 


ORDINARY METHODS. 


Test 16.—12.16 p. m.: Fired 8 pounds of coal by ordinary method. 12.19 p. m. 
Flame broke through fuel bed with explosion. Maximum fire, 12.22 p.m. Fire 
became smokeless, 12.32 p. m. Smoke density, 6.41 per cent. 
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Tests wirh Square SecrionaL Steam Borier. 
tie house-heating boiler, square sectional; fire box, 24 by 24 inches; height of combustion 
chamber, 28 inches; boiler uninsulated, otherwise installation good.) 
APPROVED METHODS. 

Test 20.—9.12 a. m.: Started fire by smokeless method, with wood and 25 pounds 
of coal. Maximum fire, 9.17 a. m. Fire became smokeless, 9.41 a. m. Smoke 
density, 1.25 per cent. 

Test 21,—10.45 a. m.: Fired 25 pounds of coal by alternate method. Maximum 
fire 10.55 a.m. Fire became smokeless 11.09 a. m. Smoke density 5.16 per cent. 

Test 22.—11.23 a. m.: Fired 25 pounds of coal by coking method. Maximum 
fire, 11.37 a.m. Fire became smokeless, 11.55 a.m. Smoke density, 5.75 per cent. 

ORDINARY METHODS. 

Test 19.—9.12 a. m.: Started fire by ordinary method with wood and 25 pounds 
of coal; stack damper wide open; slide on ash-pit door closed ; slide in firing door wide 
open. Maximum fire, 9.36 a. m. Fire became smokeless, 9.42 a. m. Smoke 
density, 10.08 per cent. 

Test 23.—12.05 p. m.: Fired 25 pounds of coal by ordinary method. 12.07: Flame 
broke through fuel bed. Maximum fire, 12.14 p.m. Fire became smokeless, 12.16 
p.m. Smoke density, 7.92 per cent. 


as Tests witH WILLIAMSON UNDERFEED STEAM BolLer. 
APPROVED METHODS. 

Test 24.—10.30 a. m.: Fired 100 pounds af coal; light haze only from stack. Smoke 
density, 2.16 per cent. 

Test 25.—11.30a.m.: Fired 100 pounds of coal; practically smokeless stack. Smoke 
density, 0.33 per cent. 

Test 26.—3.06 p. m.: Fired 100 pounds of coal; stack clear. Smoke density, 0 per 
cent. 

Test 27.—10.06 a. m.: Fired 100 pounds of coal; light haze. Smoke density, 1 per 
cent. 

Test 28.—1.30 p. m.: Fired 100 pounds of coal; light haze. Smoke density, 2 per 
cent. 

Test 29.—4.30 p. m.: Fired 100 pounds of coal; light haze. Smoke density, 2 per 
cent. 

In the coking method of firing, the fuel is pushed back or to one 
side until half the grate is bare; then the fresh coal is thrown on the 
bare grate and piled up on its side of the furnace. Ignition takes 
place from the live coal along and on top of the fresh coal, making a 
film of fire through which the volatile gases must pass and be more 
or less consumed before they reach the heating surface of the furnace 
or boiler. This method reduces the amount of smoke, as it prevents 
the smoldering effect observed when the fire is smothered with fresh 
fuel according to the ordinary method shown in the illustrations. 

In the alternate method (Fig. 3) the live fuel bed is not disturbed, 
the fresh fuel being merely thrown on the low side as fired and piled 
up as high as is permitted by the angle of repose and character of the 
coal used. The live fuel bed then remains intact and thus is not so 
liable to burn out and form holes in the fire. Also there is less labor 
involved when this method is used. 

The size of the coal has an important bearing on the production of 
smoke. Certain sizes of nut coal, such as No. 2 Illinois, seemed to be 
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smokier than any other size, regardless of the method of firing. The 
reason for this seems to be that when coal is of a certain size the heat 
from the fire can get to it rapidly and thus distill quantities of gas 
faster than they can burn. Theoretically, less smoke will be made 
from the smaller sizes of 
coal, which pack down 
and do not allow the heat 
to penetrate too rapidly. 
If the large pieces are 
used judiciously to make 
a quick heat when needed 
and the smaller coal used 
to bank the fire over long- 
er periods of time, a bal- 
ance can be struck that 
generally will prove satis- 
factory. This balance 
must be worked out by 
the householder himself 
in accordance with the 
coal on his local market. 


OTHER POSSIBILITIES. 


Considerable improve- 
ment in smoke conditions 
can be obtained by care- 
ful firing. If, in addition 
to this, the householder 
ee - will see that his chimney 
Fiaure 2.—Coking method of firing. Shake the grates well. jg tight and well cleaned 

Push back live coal, clearing the front part of fire pot down 
to grates, Place fresh coal on bare grates, piling coal up to each season, that there 


fire door. Regulate draft according to weather. Leaveslide pre no other connections 
in fire door open. Ignition takes place from side and top, . 
burning volatile matter gradually, without soot and with to the chimney ’ that the 


minimum smoke. clean-out door at the base 
closes properly, that the smoke pipe is not corroded through, and 
that the dampers in uptake and ash pit are tight and in good 
condition, he will find it much easier to burn smoky, soft coal with 
satisfaction. All of this he can do without changing the equipment 
or going to any additional expense for apparatus. 

When it comes to new installations or replacing equipment in old 
buildings the householder can take his choice of a number of improved 
methods of burning soft coal. These methods employ either the 
magazine gravity-feed or the underfeed principle—shown in range 
tests 17 and 18, and tests 24 to 29 in the underfeed steam boiler— 
and burn the smaller, cheaper grades of coal with long firing periods. 
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Oil-burning systems offer another method of reducing residence 
smoke. Most of these systems are automatic, and where oil is not 
too expensive they are quite practical. The best attitude to take 
in smoke-abatement work is that no solution of the smoke problem 


should cause the house- 
holder additional expense. 
The fuel available will 
largely govern the choice of 
operating methods. 
Prepared fuels offer an- 
other possibility for reduc- 
ingsmoke. Of these, coke 
is probably the most feasi- 
ble. The use of coke fuel 
in residences not only helps 
to eliminate domestic 
smoke, as coke can be 
burned smokelessly in ordi- 
nary furnaces at all times, 
but aids the conservation 
of natural resources. The 
volatile matter in coal com- 
prises rich hydrocarbons 
that are valuable as sources 
of materials used in the 
arts, and it is the volatile 
matter that makes all of our 
smoke trouble and largely 
goes up the chimney as a 
waste. It has long been Figure 3.—Alternate method of firing. Shake down grates. 
realized that the value of _ Select low side of fuel bed and pile fresh coal on it as high 
these hydrocarbons makes = ** Possible, leaving some live coal exposed on other side. 
a is Hy Ignition takes place from hot fuel to top of coal, producing a 
itan economiccrime to burn film of fire through which volatiles must pass and be con- 


soft coal in the raw state. sumed. Regulate draft according to weather. Leave slide 
iva . . in fire dooropen. This method is less troublesome, liability 
The probability 1s that In & to clinker formation is less, and generally a longer firing 


very short time a large pro- _ period is possible. 
portion of the coal used for residence purposes will be carbonized; thus 
valuable by-products will be recovered before the fuel is burned. 


COKE, 


The use of coke as a household fuel has been discussed by Perrott,? 


as follows: 
HIGH-TEMPERATURE COKE. 


Coking processes fall into two general classes—high temperature and low tempera- 
ture. In the first class, coal is carbonized at temperatures of 900° to 1,200° C., pro- 


? Perrot, G. St. J., in Salt Lake City smoke-abatement investigation. See also, Perrott, G. St. J., 
and Clark, H. W., Smokeless fuel for It Lake City, Rep. of Investigations, Serial 2,341, Bureau of 
Mines, April, 1922, 8 pp. 
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ducing a coke of very low volatile content which is Soadeg pert Se difficult to ignite. 

The low-temperature process, now receiving considerable attention from engineers, 

Pe es to carbonize coal at temperatures of 450° to 600° C. and produce a coke of 
igher volatile content and more readily ignitable. 

Of the commercial coking plants in operation in the United States at present prac- 
tically all use high-temperature processes. They include beehive ovens, in which 
the by-products are not recovered; by-product ovens of the Koppers or Semet-Solvay 
type, and the ordinary gas retorts for the manufacture of illuminating gas. When a 
ton of coal is carbonized in a by-product oven at a temperature of 900° to 1,200° C, 
the following products are obtained: Coke, 1,100 to 1,400 pounds; gas, 10,000 to 
12,000 cubic feet (measured at 60° F. and 30-inch pressure); tar, 8 to 12 gallons; and 
ammonia, as ammonium sulphate, 20 to 24 pounds. 

High-temperature coke usually contains only about 2 per cent of volatile matter, 
and for this reason is difficult to ignite or control in a domestic stove or furnace. 
However, with proper methods it can be made to give good results. Where a supply 
is available the public should be urged to buy coke and educated in the proper 
methods of burning it. 


LOW-TEMPERATURE COKE. 


During the past 10 years increasing attention has been given to the possibilities of 
low-temperature carbonization. A low-temperature coke is one containing enough 
volatile matter to make a fuel that ignitesand burns readily. When coal is carbonized 
at temperatures of 450° to 600° C., the coke and by-products obtained differ in nature 
and amount from those produced by carbonization at high temperatures. The coke 
contains 8 to 15 per cent of volatile matter and is more suitable for domestic use. 
It ignites readily, somewhat like semibituminous coal; it burns without smoke 
because the smoke-producing constituents were decomposed and driven off during 
carbonization. 

The tar obtained by low-temperature carbonization is a thin fluid, better called an 
oil; the quantity from a given amount of the same coal is twice that obtained by 
hich-temperature carbonization. This tar contains considerable quantities of motor 
fuel, burning and lubricating oils, a small amount of pitch, and 20 to 40 per cent of 
cresols and other phenols. The yield of gas is smaller, but the gas is of high calorific 
value. One ton of coal carbonized at a temperature of about 450° to 600° C. will 
give: Coke, 1,300 to 1,500 pounds; gas, 2,000 to 7,000 cubic feet; tar, 20 to 30 gallons; 
and ammonium sulphate, 2 to 8 pounds. 


COALS TESTED. 


Fifteen 30-pound samples of coal were collected from the yards in Salt Lake City. 
They included practically all the different varieties of coal on sale there. Samples 
were sent to Pittsburgh for complete analysis. A rapid survey of the coking power 
of these coals was made, using the 20-gram by-product apparatus shown in Figure 4, A. 
Ten of those that gave the better results were shipped to Chicago for testing in 
the 8-pound apparatus shown in Figure 4, B. 


TasBLe 1.—Source of coals tested. 


Salt | Pitts- 
Name of coal. Lake) burgh Operating company. Location of mine. 
No. | No. . 
Kinglump............ | 34] 34103 | U. 8. Fuel Co....:............ Mohrland, Utah. 
Spring Canyon lump -| 35 | 84083 | Spring Canyon Coal Co........ Storrs, Utah, 
Clear Creek lump...- 36 | 34034] Utah Fuel Co................. Clear Creek, Utah. 
Castle Gatelump........ 37 | 34035 |...... GOT ars ar marcas tesseireue Castle Gate, Utah. 
Royal Castle Gatelump. -| 39 | 34104 | Cameron Coal Co.............. Do. 
Peacock lumpD........... .| 40 | 34105 | Union Pacific Coal Co......... Rock Springs, Wyo. 
PeerlessLump......... 41 | 34103 | Peerless Coal Co..............- Spring Canyon, Utah. 
Aberdeen lump....... 42 | 34107 | Independent Coal & CokeCo..| Kenilworth, Utah. 
Wattislump.......... 43 | 34108 |] Lyon Coal Co..............--- Wattis, Utah. 
Libertylump......... 44 | 34109 | Liberty CoalCo Carbon County, Utah. 
Hi-Heatlump........- 45 | 34110 Rains, Utah. | 
Standardlump.......... -| 45 | 341i Standardville, Utah. 
Pleasant Valley lump... - 47 | 34112] Utah Fuel Co................. Winter Quarters, Utah. 
Scofield lump...................] 48 | 34113 | Union Pacific Coal Co......... Scotfield, Utah, 
Wattislump (special sample)...} 49 | 34036 | Lyon CoalCo...............-. Wattis, Utah. 
Wagetoy Coal Co, (special sam- 30 jortete Wasatch Coal Co.........-.... 
ple). 

Sunnyside.............2..ece00% Wises ' $3798.) Utah Fuet@o. -......55.5..268 ! Sunnyside, Utah. 
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UTAH COALS TESTED: a, No. 34, KING LUMP; }, No. 37, CASTLE GATE LUMP; 
ec, No. 39, ROYAL CASTLE GATE LUMP; d, Ne. 44, LIBERTY LUMP; e, No. 46, 
STANDARD LUMP; J, No. 48 SCOFIELD LUMP, : 
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UTAH COALS TESTED, CONTINUED: a, No. 49, WATTIS LUMP; }, No. 50, 
WASATCH SPECIAL; ec, SUNNYSIDE: d, SPRING CANYON; e, ONE-HALF 
SUNNYSIDE, ONE-HALF STANDARD. 
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Descriptions of these coals appear in Table 1. Proximate and ultimate analyses 
and calorific values are given in Table 2. Photographs of 11 of the coals tested are 
shown in Plates V and VL. 


DESCRIPTION OF APPARATUS AND METHODS. 
APPARATUS FOR TESTING 20-GRAM SAMPLE. 


The method is essentially that described in ‘‘Methods of the United States Steel 
Corporation for the Commercial Sampling and Analysis of Coal, Coke, and By-prod- 


hl O Res 
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Ficure 4.—Diagrams of equipment for by-product coking tests: A, Apparatus 
for carbonizing 20-gram samples; B, apparatus for carbonizing 8-pound sample. 


ucts.’’ An electric furnace was used instead of a gas furnace as used by the Steel Cor- 
poration; the electric furnace gave a more easily regulated temperature and was much 
simpler to operate. The methods of the Steel Corporation call for a progressive distil- 
lation, in which one burner at a time is lighted. This distillation can be accom- 
plished with an electric furnace by surrounding the tube containing the coal with a 
metal water jacket, which is moved backward at intervals. 
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With reference to Figure 4, A: An electric furnace, 1, supplies heat for carbonizing 
the coal contained in a glass combustion tube. The products of distillation pass 
through a tar filler packed with absorbent cotton heated by the steam bath 2. Geissler 
bulb 3 contains normal sulphuric acid for absorbing the ammonia, a U tube containing 
calcium chloride to ahacrh water; Geissler tube 4 contains strong KOH solution to 
absorb HS and CO,; the tubes 5 and 6 contain paraffin oil for absorbing benzene. 
The gas is measured in the aspirator bottle 7. The furnace was tilted at an angle of 
15° to the horizontal to avoid cracking the tar. Results give the yields of coke, tar, 
gas, ammonia, and crude benzene. 

The apparatus was designed to run in comparison with regular coke-plant Siete 
until a correlation was obtained; results are naturally somewhat relative, as the tem- 

yeratures ranged from 700° to 550° C. A maximum temperature of 900° C. is called 
or in the Steel Corporation methods. The apparatus affords a rapid means of deter- 
mining in a general way the suitability of coals for by-product coking. 

To use temperatures higher than 700° C. proved impossible because of the fusibility 
of the glass tubes. In the tests at 700° C. progressive distillation was employed by 
use of the sliding water jacket previously described. In the tests at 550° C. the entire 
tube was gradually heated to the desired temperature. 


DISPOSAL OF BY-PRODUCTS. 


Disposal of the gas produced offers the most difficult problem in the operation of a 
high-temperature carbonizing plant. Low-temperature carbonization yields about 
one-third as much gas, practically all of which can be used in the carbonizing process 
itself. In this respect low-temperature carbonization seems the more feasible. 


LOW-TEMPERATURE COKING INVESTIGATION. 


In view of the importance of the subject and the fact that little was known of the 
behavior of Utah coals in low-temperature ovens, it was thought advisable to make a 
rather detailed study of the coking properties of Utah coals and inquire into the state 
of the art of low-temperature carbonization as reported by various investigators. 
The result obtained and an outline of the methods used in the investigation are 
appended, 

TRonnyaide coal is the only known Utah coal of good coking quality. A large quan- 
tity of it is coked in beehive ovens at Sunnyside, and the coke is used by metallur- 
gical plants in Utah and on the Pacific Coast. This is of exceedin ly good quality 
and compares favorably with the best coking coals of the East. Castle Gate coal 
was at one time used in the beehive ovens, but yields a coke inferior to Sunnyside. 

Results are tabulated in Table 3. The low yields of tar obtained at 700° C. from 
some of the coals are not to be taken as indicating the actual performance of the coal. 
In the tests at 700° C., the furnace was not tipped at an angle with the horizontal as 
in later tests and sometimes the tar ran back in the tube and was decomposed. 


APPARATUS FOR CARBONIZING 8-POUND SAMPLES. 


This apparatus, shown in Figure 4 B, is modeled after the apparatus used by Prof. 
8. W. Parr, of the University of Ilinois.% 

The coal is carbonized in a vertical retort of 34-inch pipe, 1. This is surrounded 
by fire-brick jacket 2 and heated by the ring burner 11, The flame of the burner is 
so regulated that it surrounds the pipe from bution to top. Tar condensed in the air 
condenser 13 is caught in the trap 3. Condensate from the water condenser 4 is caught 
in the separatory funnel 12. ‘The gas then passes through the scrubbers 5 and 6, 
through the H,S purifier 7, and is measured in the meter 9. Samples of gas are taken 
for analysis by means of the sampling tube 10. The rotary pump 8 serves to regulate 
the pressure, which is measured by a manometer, 


2 Thanks are due to W.D. Langtry, president of theCommercial Testing & Engineering Co., Chicago, IIL., 
for making possible use ofthe apparatus and to J. F. Kohout, chemical engineer, for valuable assistance 
and advice in making the tests. 
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In the tests of Utah coals the maximum temperature of carbonization was 1,000° F. 
This temperature was reached in about two hours and maintained for two hours longer. 
Evolution of tar and gas was in general practically complete after the first two hours. 

Results are tabulated in Table 4. Analyses of the coke rider in Table 5. The 
sample of Sunnyside coal used in the coking tests was not the one analyzed. In 
figuring the moisture and ash-free values for the by-product yields of this coal an 
approximation was used. 


CHARACTER OF COKE PRODUCED. 


Results show that although a number of the coals have a decided tendency to coke, 
Sunnyside is the only coal which can be called a good coking coal. Castle Gate makes 
a fair grade of coke. A mixture of one-half standard and one-half Sunnyside made a 
good coke. ~ 

A number of investigators are working on modified methods of coking and claim to 
have made satisfactory coke from coals not known as strictly coking coals. More 
research is necessary before it can be established definitely how far such processes will 
go in making satisfactory coke from noncoking coals, 


TABLE 5.—Analyses of cokes. 


Proximate, Calorific values. 
Labo- Air- 
Condi- | 
Coal. rator ; , drying 
No. Hon. | wfois- bt zee Ash, | Sul | loss. | Calo- |, en: 
ture. | natter.! bons. phur. ries. 
1 1.00 | 19.84] 64.35] 14.81 0.53 | Gain. | 6,793 | 12,227 
RIN 63 cig ecole tess: 34348 tr 20.04 | 65.00 14.96 54 0.1 6,862 12,352 
eee 23.57 | 76.43 |........ AL ere ee 8,069 | 14,524 
1 1,22 | 16.51] 72.09] 10.18 -40 -2| 7,003 | 12,767 
Castle Gate..........) 34349 ee ee 16.71 72.98 | 10.31 <0 Wsswscees 7,181 12,926 
Sys Puc aeaty 18,63 | 81.37 |........ MB | .c 505-2 8, 007 4,413 
| 1 1.28 | 16.26] 72.08] 10.38 49 2] 7,112] 12,802 
Royal Castle Gate...) 34350 Yt eS 16.47 | 73.02] 10,51 DO Nice gs werd 7,204 | 12,967 
DB lavtawnca 18,40 | 81.60 }........ 388 Jicccen.. 8,050 | 14,490 
1 «86 ) 14,87 | 72.85] 11.42 56 | Gain. | 7,081 | 12,746 
Aberdeen........... 34351 i Tere gal 15.00 | 73.48 11,52 -56 3 | 7,143 12,857 
BO [eiossacs 16.95 | 83.05 |........ sOSAis2sc5h2 8,073 | 14,531 
1 1.6) | 19.24] 69.69 9.47 OF -5 | 7,226) 13,007 
Libitty <<. ..cceas 34352 + eee 19.55 | 70.83 9. 62 Sis Weer re 7,344 13,219 
Ad Neer eas 21.63 | 78.37 |........ LY yf) Br ee 8,125 14, 625 
1 1. 48 16.84 | 68.5 13,13 «56 -5 | 6,913 12, 448 
Standard............ 34353 pad Sree ey 17.09 | 69.58 13.33 Ai erro 7,017 12, 631 
Bilan sadage 19.72 | 80.28 |........ A err 8,096 | 14,573 
1 1.18 | 16.39 | 73.06 9.37 52 -L | 7,240 | 13,032 
Scofield............. 34354 BN isacaexe 16.59 | 73.93 9. 48 60855 ssc sle 7,326 | 13,187 
14 [de At, 18.33 | 81.67 |........ ESO oacceas 093 | 14,567 
1 1,93 | 10.46] 81.67 5.94 -73 -6| 7,509} 13,516 
Wattis..50.2325.02: 34355 pl er eared 10.67 | 83.27 6.06 eth leeseacce 7,657 | 13,783 
B [rea jnee 11.36 | 88.64 [........ Gslsessatas 8,151 | 14,672 
Wasatch Coal Co 1 1.22 | 13.38 | 73.88 | 11.52 -50 0} 7,130} 12,834 
BP: sScasecees 34356 i Perea 13.55 | 74.79 | 11.66 <Ol)|ehsseso 7,218 | 12,992 
$ lee sasen 15.34 | 84.66 |...2..2. PY. TN 8,171 | 14,708 
1 1.39 | 12.32] 76.85 9. 44 1.09 5 | 7,272] 13,090 
Sunnyside. ......... 34357 > le see ae 12.49 | 77.94 9. 57 11S OW | 7,375 13, 275 
S| oosctacze 13. 81 86.19) ).5.2.052 1 -.--) 8,155 14,679 
4 Sunnyside... . 1 1.44} 11.35 | 78.54 8. 67 -70 -3| 7,342] 13,218 
34358 yd Peco es 11.52 | 79.68 8.80 ror fC aerran 7,449 | 13, 402 
4 Standard.......... Xt Nee 12.63 | 87.387 |........ OFS licwessss 8,168 | 14,706 
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22 SMOKE ABATEMENT. 
INDUSTRIAL SMOKE. 


High-pressure plants that produce power for miscellaneous manu- 
facturing establishments are the chief sources of industrial smoke. 
Plate VII, A, shows a typical industrial district before smoke-abate- 
ment regulations were put in force. Smoke readings have shown 
that high-pressure power plants contribute about 45 per cent of the 
total smoke of the average city. Most of these plants are hand fired 
and consist of comparatively small units, approximately 150 horse- 
power each= Since they make so much of the smoke of the average 
city, smokers of this class have received most attention; and engineer- 
ing information on such plants is more widely distributed and more 
thoroughly standardized than other literature dealing with smoke 
abatement. Plate VII, B, shows an industrial district after smoke- 
abatement regulations were enforced. 


HAND-FIRED FURNACES. 


The theory of the smokeless operation of hand-fired furnaces is 
based on distilling the volatile matter gradually, and mixing it with 
the necessary air, or oxygen, at the proper temperature to complete 
combustion. Fires are generally replenished by the alternate method ; 
that is, by firing one side at a time and meanwhile admitting auxil- 
lary air over the fire as the excess volatile matter is passing off. 
The heat from the other side of the fire supplies the temperature 
necessary for completing combustion. As a further aid, hand-fired 
furnaces are designed with V piers, wing walls, deflection arches, or 
similar brickwork construction to insure complete mixing of gases as 
they pass through the furnace. All elements necessary for smokeless 
combustion are then present. Power plants equipped with accept- 
able hand-fired furnaces properly operated can easily run inside a 
smoke density of 2 to 4 per cent. When fires in such plants are 
started, the sume method of ignition from the top can be used as has 
been explained in connection with residence furnaces (see p. 9-11). 

Details in the design of furnaces for this class of work must be 
worked out after all the operating conditions are ascertained. These 
include the rate of combustion, the draft available, the character of 
the fuel, and the nature of the load. When these things are known 
it is merely a matter of engineering judgment and designing skill to 
construct a furnace that will fill requirements satisfactorily. 


STOKER-FIRED PLANTS. 


Stoker-fired plants have perhaps been most successful in smoke 
abatement. The boiler units are generally of large size, are equipped 
with mechanical stokers, and have been carefully designed by com- 
petent engineers. In addition, these plants are under constant 
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supervision by skilled engineers, and firemen are always in attend- 
ance; consequently it is not difficult to get results. The many 
standard stokers on the market include the chain-grate, inclined 
front-feed, double-inclined side-feed, and underfeed types. All of 
these stokers may be operated with a minimum of smoke when 
installed under proper conditions. Some are particularly adapted 
to certain types of coal and certain kinds of loads. The success of 
such equipment depends on competent engineering design, but fortu- 
nately the experience of many years is readily available as a guide. 


METALLURGICAL AND SPECIAL FURNACES. 


A person investigating the smoke problem is sometimes surprised 
to find what a large amount of the total fuel used, is burned in special 
furnaces which have no relation to steam making. Some of these 
furnaces—annealing ovens, for example—are among the worst 
smokers with which we have to contend. Plate VIII shows a badly 
smoking metallurgical establishment. Sometimes a simple adjust- 
ment of the necessary auxiliary air will prevent such furnaces from 
smoking, and sometimes a complete change of fuel must be made. 
If the latter is true, the use of some sort of prepared fuel seems most 
promising. It can be said that all metallurgical operations can be 
conducted smokelessly with powdered coal, coke, fuel oil, or pro- 
ducer gas. Plate IX shows the sagmne establishment pictured in 
Plate VIII after the fuel had been adjusted. Directions for using 
the above fuels will not be given here, as a number of tried and 
proved methods are at the disposal of the engineer. 


LOCOMOTIVE SMOKE. 


Locomotive smoke has seemed most difficult to control, but many 
cities in the Middle West have attempted to solve this problem, 
with more encouraging results than were at first supposed to be 
possible. Plates X and XI show railroad districts before and after 
smoke-abatement regulations were put into effect. The fact that 
railroads are operated under more standardized conditions than are 
ordinary stationary plants makes for firmer control of individual 
employees. In locomotive operation there is authority in the 
motive-power department, which specializes in supervision and has 
all of the machinery necessary for it readily at hand. Men who 
work on locomotives are usually more efficient than employees of 
small industrial plants, and respond more readily to suggestions 
offered in smoke-abatement programs. 

In the past ten years standardized equipment has been designed 
to reduce the discharge of smoke from locomotives. This equipment 
includes multiple-tip blowers, quick-opening blower valves, and 


Google 


24 SMOKE ABATEMENT. 


induction tubes in the sides of the fire box to supply the air necessary 
for complete combustion. Such equipment is simple, is easily 
added by ordinary boiler makers, and has been discussed in detail 
in the proceedings of the various railway associations. Literature 
on the subject is available to all railroad men. 

Any locomotive properly equipped with standardized smoke- 
abatement devices can do its required work without making dense 
smoke. Ixperience over a number of years has shown that pas- 
senger, freight, suburban, transfer, and switching engines can operate 
successfully with minimum smoke production and are so doing in 
the Middle West. Plate XII, A and B, shows a locomotive before 
and after smoke-abatement devices were put in use. 


METHODS TO BE EMPLOYED. 


The cooperation of railroad executives must first be obtained in 
order to have proper instructions issued and disciplinary measures 
put into effect. Where abatement of railroad smoke has been 
successful, it has been customary to make the road foreman of engines 
responsible for the smoke performance of the engines under the 
master mechanic of the division. The organization for doing this 
is already in existence, as locomotive operation is closely supervised. 
The best results are obtained by making the engineer and the fire- 
man equally responsible for gmoke production; this gains the en- 
gineer’s cooperation in working the engine and aiding the fireman to 
build up fires. When engines are equipped with blower valves, 
these should be installed on each side of the cab, so that the engineer 
or the fireman can use them when necessary. 


SMOKE ORDINANCES. 


This paper will not attempt to recommend a standard ordinance 
that will fit the country at large, but rather will consider some of 
the successful ordinances now in use. Success in smoke abatement 
depends largely on the administration of existing laws. Many 
ordinances are showing good results, although they do not embody 
the best provisions, and certain good ordinances are practically 
void through lack of enforcement. However, it is hoped that sug- 
gestions made herein will enable cities to avoid some past mistakes. 

Perhaps the most important consideration is the type of man for 
administering a smoke ordinance. The job demands a knowledge of 
engineering; moreover, it seems wise to have some one in charge 
who is familiar with boilers and furnaces and can understand the 
problems that will arise when the ordinance is put into effect. The 
following form of appointment is suggested: 
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BUREAU OF MINES TECHNICAL PAPER 273. PLATE VII 


A. INDUSTRIAL DISTRICT BEFORE SMOKE-ABATEMENT CAMPAIGN. 


BR, INDUSTRIAL DISTRICT AFTER SMOKE-ABATEMENT CAMPAIGN. 
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BUREAU OF MINES TECHNICAL PAPER 273 PLATE XII 


A. LOCOMOTIVE WITHOUT SMOKE-ABATE- 
MENT DEVICES IN OPERATION. 
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B. SAME LOCOMOTIVE 6 SECONDS LATER 
WITH DEVICES IN OPERATION. 
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CHIEF SMOKE INSPECTOR. 


The mayor shall appoint a chief smoke inspector at a salary not to exceed ......... 
The person so appointed shall be an engineer, qualified by training and experience 
in the theory and practice of the construction and operation of steam boilers and 
furnaces and in the theory and practice of smoke abatement and prevention. 

The deputy smoke inspectors, who come in close personal contact 
with the work, both in the office and in the field, should be qualified 
to discuss furnace details with the engineers of plants and to make 
inspections and recommendations. In short, they should have experi- 
ence equal to that which a practical operating engineer must have to 
obtain an engineer’s license to operate steam plants. The following 
appointment form is suggested: 


DEPUTY SMOKE INSPECTORS. 


Upon the recommendation of the chief smoke inspector there shall be appointed 
Sestsiaes deputy smoke inspectors, who shall be qualified by training and experience 
in the theory and practice of construction and operation of steam boilers and furnaces, 
at a salary not to exceed .......-. per annum, 

Smoke observers and other employees of the department may be 
persons without technical experinece, but they should be examined 
as to their special qualifications. As many assistants can be ap- 
pointed as are necessary to cover the territory. 


SMOKE-ABATEMENT COMMISSION. 


In the administration of a smoke ordinance, it has frequently 
been found advantageous to appoint a commission of citizens, who 
advise the smoke inspector as to policy and serve as a connection 
between him and the public and the city authorities. Such a body 
should take the operation of the department out of politics and 
make it a department for civic betterment, operating solely in the 
interests of the community. A commission of the character out- 
lined generates confidence in the work. Such a committee is appoint- 
ed by the mayor. The ordinance may state: 

There is hereby appointed a smoke-abatement commission composed of ........ 
members whose duties will be to advise and consult with the smoke inspector on met- 


ters relating to policy and to act as judges in matters of controversy between the smoke 
inspector and the public. 


A smoke-abatement commission usually appoints an advisory com- 
mittee of engineers to decide technical questions and advise in cases 
of controversy between the smoke inspector and those seeking permits 
to install various devices. Provision may be made as follows: 


The smoke-abatement commission may appoint a board of advisory engineers com- 
posed of three members who shall be competent and qualified to pass on and advise 
concerning the technical questions involved in furnace construction and operation. 
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PERMITS. 


The section of the ordinance covering the routine issuing of permits 
has come into general use substantially as follows: 


No new plant or chimney or any reconstruction of any old plant or chimney for pro- 
ducing peed and heat, or either of them, shall be constructed, enlarged, altered, and 
sa or maintained in the city until plans and specifications of the same have been 
filed by the owner, agent, or contractor in the office of, and been approved by, the 
chief smoke inspector aud a permit issued by him for such construction, reconstruction, 
or maintenance. The plansand specifications to be filed with the chief smoke inspector 
shall show the connnected load and the amount of work to be done and heat to be 
generated by sucha plant and all appurtenances thereto, and all other information re- 
quired by the chief smoke inspector, including all provisions made for the purpose of 

reventing smoke; such plans and specifications shall also contain a statement of the 
<ind of fuel proposed to be used, including the commercial size of coal when coal is 
specified; and such plans and specifications shall also show that the room, apartment, 
or basement in which such plant shall be located is provided with doors, windows, 
shafts, or other means of ventilation to prevent the temperature of such room, apart- 
ment, or other portion of such building wherein such plant or apparatus is to be used 
from rising higher than 120° F., measured at a point 54 feet above the floor; sufficient 
also to permit the atmosphere of any such room, apartment, or basement wherein such 
apparatus may be located to be entirely renewed every 10 minutes. 

Upon the approval of such plans and specifications, the duplicate set of which shall 
be left on file in s.id office, and upon peniene of fees hereinafter provided, the chief 
smoke inspector shall issue a permit for the construction, reconstruction, or mainte- 
nance of such plan. As soon as the chief smoke inspector has issued a permit, as 
above provided, it shall be his duty to sce that the execution of the work permitted is 
earried out in conformity with the plans specified. 

In the event that any application for a permit or a final certificate is refused by the 
chief smoke inspector, the applicant has the right to appeal the decision to the smoke- 
abatement commission, Such appeal shall be made in writing and delivered to 
the chief smoke inspector, who shall receipt for same and shall notify the 
smoke-abatement commission immediately that such appeal has been filed. Written 
decision on all appeals shall be filed with the chief smoke inspector within 10 days 
after such notice to the commission or the action of the chief smoke inspector shall be 
considered confirmed by the commission. 


CODE. 


Considerable difference of opinion exists regarding issuance of per- 
mits, depending largely on local experience. Theoretically, the func- 
tion of an ordinance is merely to prohibit dense smoke; all other con- 
siderations, including the means for obtaining this object, rest with 
the owner of the plant. 


VALIDITY OF ANTISMOKE REGULATIONS, 


The United States Supreme Court ‘ has lately sustained the power 
of a State, acting directly by statute or indirectly through municipal 
ordinances authorized by statute, to forbid discharge of dense smoke 
into the air in certain sections of cities, although enforcement of the 
regulations may involve discontinuance of the use of property or large 
expense in complying with them. 

The city of Des Moines adopted an ordinance prohibiting the emis- 
sion of dense smoke in parts of the city, and the laundry company 
unsuccessfully sued to establish invalidity of the ordinance as un- 
reasonable and unjustly discriminatory. 


‘Northwestern Laundry v. City of Des Moines, 239 U. S. 486; also 36 Supreme Court Reporter, 206. 
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Justice Day, in handing down the decision for the Supreme Court, 
said: 

So far as the Federal Constitution is concerned, we have no doubt the State may, by 
itself or through authorized municipalities, declare the emission of dense smoke in 
cities or populous neighborhoods a nuisance and subject to restraint as such; and that 
the harshness of such legislation or its effect upon business interests, short of a merely 
arbitrary enactment, are not valid constitutional objections. Nor is there any valid 
Federal constitutional objection in the fact that the regulation may require the dis- 
continuance of the use of property or subject the occupant to large expense in comply- 
ing with the terms of the law or ordinance. 

In response to objections that the ordinance was limited to certain 
establishments and that the statute authorizing it was limited to 
cities of certain population, the Supreme Court said: 

The ordinance applies equally to all coming within its terms, and the fact that other 
businesses mizht have been included does not make such arbitrary classification as 
annuls the legislation. Nor does it make classification illegal because certain cities 
are included and others omitted in the statute. 

In the practical operation of smoke ordinances, it has been found ad- 
vantageous to formulate a code covering conditions under which various 
types of boilers and furnaces may be installed. This code generally 
exists as a collection of unwritten laws which are used in the routine 
of the office. There is no doubt that a code is of value in many ways. 
First, it gives manufacturers an idea of the conditions under which 
they must bid for work in the territory involved, and, in a sense, 
places them all on the same basis. Second, it also standardizes office 
procedure and does not leave each individual case to the judgment 
of the smoke inspector or his deputies. If the code is not written into 
the ordinance, there is danger of alterations from time to time with 
changes of office personnel, until it may become so mutilated as to be 
unrecognizable. 

Cincinnati for some years has had a code written into its ordinance 
and operation under it has been successful. Such a code remains in 
force through changing administrations and outlines fixed procedure. 
The provisions of such a code must be general, and relate largely to 
the head room and combustion-chamber space under which furnace 
and boiler combinations have been found satisfactory. The code 
should not endeavor to confine steam users to any one type of appara-. 
tus or any combination, but simply to insure room enough to employ 
any of the standard and accepted furnace constructions. 

The following section, embodying a code for boiler and furnace set- 
tings is submitted: 


HORIZONTAL RETURN TUBULAR BOILERS. 


Fach horizontal return tubular boiler that has more than 1,600 square feet of heating 
surface and uses coal fuel shall be provided with a mechanical stoker, gravity-feed 
furnace, or other similar construction, of approved design. Heating surfaces shall be 
coustrued to mean all boiler surfaces with water on one side and hot gases on the other 
side, not excepting surfaces covered with arches or tiles used in the furnace construc- 
lion, 
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Horizontal-return tubular boilers with less than 1,600 square feet of heating surface 
may be fitted with hand-fired furnaces in connection with such arches, baffles, piers, 
wing Walls, or other gas-mixing devices as shall be acceptable to the smoke inspector. 

All hand-fired return tubular boilers carrying more than 20 pounds of steam pressure 
shall be provided with steam air jets. There shall be one steam air jet for each 250 
square fect of heating surface or fraction thereof, and the number of steam air jets shall 
never be less than three. Each hand-fired furnace shall be supplied with dampered 
panel doors that have a free air opening of 4 square inches for each square foot of grate 
surface. 

Each horizontal return tubular boiler shall be set at a distance between dead plates 
and shell not less than the following, according to the diameter of the boiler: 


t isiieter. Dead plate 


to shell. 

Inches Inches. 
30 
54 32 
60 34 
66 3 
72 36 
78 38 
S4 38 


No return tubular boilers of sizes smaller than these specified shall be set with less 
than 30 inches from dead plate to shell. Where mechanical stokers are installed in 
connection with horizontal return tubular boilers, the height of the setting shall be 
such as is necessary to install the particular type of stoker involved. 

Where it is proposed to use gas, oil, powdered coal, of other smokeless fuel not 
requiring a grate, for horizontal return tubular boilers, the height of the boiler shell 
above the floor line shall not be less than the diameter of the boiler for boilers up to 
and including those 60 inches in diameter and three-fourths of the diameter for boilers 
over 60 inches in diameter, 

The grate area of any return tubular boiler setting using coal as fuel shall not be less 
than one-sixtieth of the heating surface where stokers are used and one forty-fifth of 
the heating surface in hand-fired furnaces. 

The unrestricted area through the damper on any horizontal return tubular boiler 
shall not be less than 25 per cent in excess of the combined internal cross-sectional 
area of the tubes. 

WATER-TUBE BOILERS. 


Each water-tube boiler that has more than 1,600 square feet of heating surface and 
that uses coal as fuel shall be provided with a mechanical stoker, gravity-feed furnaces, 
or other similar construction of approved design, 

Each hand-fired horizontal water-tube boiler shall be horizontally baffled and set 
with a minimum distance of 6 feet 6 inches from the floor line to the bottom of the 
front header. 

Each hand-fired horizontal water-tube boiler furnace shall have dampered panel 
doors with a free-air opening of 4 square inches for each square foot of grate surface. 

Each hand-fired water-tube boiler shall be provided with one steam air-jet for each 
250 square feet of heating surface or fraction theteot and the number of steam air-jets 
. shall never be Jess than three, 

Each hand-fired water-tube boiler in addition to steam air-jets and air-panel doors 
shall have such piers, arches, wing walls, or other gas-mixing devices as will be satis- 
factory to the smoke inspector. 

All horizontal water-tube boilers horizontally batted and installed with mechanical 
stokers shall be set with a minimum distance of 7 feet 6 inches from the floor line to 
the bottom of the front header. Such stokers may be set either with flush front or 
extension setting, provided that the flame travel from the point at which green coal 
enters the furnace to the nearest point at which gases between tubes shall be not less 
than 7 feet Ginches, In no setting shall the distance from the grates to the lower side 
of the bottom row of tubes be less than 5 feet. 

Each horizontal water-tube boiler vertically baftled and with mechanical stokers 
shall be set with a minimum distance of 10 feet from the floor line to the bottom of the 
front header, Such a stoker may be set either with flush front or extension setting, 
provided that the flame travel from the point at which green coal is introduced into 
the furnace to the nearest point at which gases pass between the tubes shall not be 
less than 7 feet 6 inches. 
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All vertical or Stirling-type water-tube boilers shall be set with full extension fur- 
naces, or may be set flush front, provided thata flame travel of 7 feet 6 inches, or 
equivalent to that of the extension furnace, is obtained. 

The grate area of any water-tube boiler using coal as fuel shall be not less than 
one-sixtieth of the heating surface where stokers are used and one forty-fifth of the 
heating surface in hand-fired furnaces. 

The unrestricted area through the damper on any water-tube boiler shall not be 
less than one-fifth of the grate arca. 


SCOTCH MARINE BOILERS. 


All internally fired Scotch marine or Continental type boilers shall be fitted with 
full extension humane, 

The unrestricted area through the damper on any Scotch marine or Continental 
type boiler shall not be less than 25 per cent in excess of the combined internal cross- 
sectional area of the tubes. 


FIRE-BOX AND TUBULAR-RETURN FLUE-TYPE BOILERS. 


All fire-box and tubular-return flue-type boilers shall be fitted with down-draft, 
underfeed, fire-arch, or other acceptable smokeless type furnace. 


ROUND OR SQUARE CAST-IRON SECTIONAL AND MISCELLANEOUS BOILERS. 


All round or square cast-iron sectional and miscellaneous boilers not mentioned 
above for heating purposes, connected to over 600 square feet of exposed steam radia- 
tion or 900 square feet of exposed hot-water radiation, shall be fitted with down-draft, 
underfeed, fire-arch, or other acceptable type of smokeless furnace. 


HOT-AIR FURNACES. 


All hot-air furnaces with a grate surface of more than 4 square feet shall be fitted 
with down-draft, underfeed, fire-arch, or other acceptable type of smokeless furnace. 


PORTABLE BOILERS. 


All portable boilers used for construction or temporary purposes, such as rollers, 
eae drivers, hoists, steam shovels, and all permanently installed vertical fire-tube 
oilers, shall use smokeless fuel. 


MISCELLANEOUS—FLUE CONSTRUCTION, ETC. 


Unless the height of a flue or stack is greater than 150 feet, the breeching must not 
drop at any point from the boiler to the stack. Where the breeching is rectangular 
in section, the ratio of the dimensions shall not be greater than $to 2. The minimum 
radius of the central line of all bends shall not be less than the width or diameter of 
the breeching. The area of the breeching in plants not exceeding 1,000 horsepower 
shall be one-fifth of the total connected grate area. All power and heating plants over 
25 horsepower capacity shall be equipped with a stack of sufficient height to give 
a minimum of 0.25 inch draft over the fire in the furnaces, 

No stack or chimney either for heating or power shall have any ventilating shaft, 
air ducts, hot-water heater connections or other similar openings. 


PROHIBITION CLAUSE. 


A provision for prosecuting for dense smoke when its emission 
appears to exceed six minutes in any one hour has been found ample 
to get results and is generally used in ordinances throughout the 
country. This provision gives steam plants enough leeway for 
ordinary operation so that such an ordinance can be enforced with- 
out the criticism of being too severe. It does not mean that all 
plants will deliberately smoke up to the limit of time allowed by the 
ordinance, as it has been demonstrated by experience that after 
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being properly equipped a plant does not take advantage of the time 
limit specified. 

Railroad smoke is usually limited to one minute of continuous 
dense smoke. Experience has demonstrated that this is a very 
liberal allowance and that locomotives in all types of service can 
comply with it. 

DENSE SMOKE—NUISANCE. 


The emission of dense smoke within the city from the smokestack of any locomotive, 
steam roller, steam derrick, steam pile driver, or other portable or temporary smoke- 
making device or apparatus, for a period of more than one minute, except for a period 
or periods aggregating not to exceed six minutes in any one hour, during which period 
or periods the fire box or boxes are being cleaned or a new fire or fires are being built 
therein, is hereby declared a nuisance. 

The emission of dense smoke within the city from the smokestack of any tar kettle 
or any other similar contrivance, or from the smokestack or chimney of any building 
or premises, or from any open bonfire, open bin, tank, vat, basin, or other receptacle, 
except for periods aggregating not to exceed six minutes in any one hour, during 
which periods the fire box is being cleaned or a new fire is being built therein, is 
hereby declared a nuisance. 

Any nuisance such us the above specified may be summarily abated by the chief 
smoke inspector, or by anyone whom he may duly authorize for the purpose, and such 
abatement may be in addition to the penalty hereinafter provided. 

Any person operating or in charge or control of any locomotive, steam roller, steam 
derrick, steam pile driver, tar kettle, or other similar machine or contrivance, or any 
open bonfire, open bin, tank, vat, basin, or other receptacle, or of any building or 

remises, who shall cause or permit the emission of dense smoke within the city, 
in contravention of the provisions of this section, from the smokestack of any loco- 
motive, steam roller, steam derrick, steam pile driver, tar kettle, or other similar 
machine or contrivance, or from any open bonfire, open bin, tank, vat, basin, or other 
receptacle, or from the smokestack or chimney of any building or premises so owned, 
controlled, or in charge of him, shall be deemed guilty of a violation of this chapter, 
and upon conviction thereof shall be fined as hereinafter provided. Each day of such 
emission of dense smoke shall constitute a separate offense. 

For the purpose of grading the density of smoke the Ringelmann smoke chart, as 
published and used by the United States Bureau of Mines, shall be the standard of 
comparison. Smoke shall be considered ‘‘dense” when it is of equal or greater 
density than No. 3 of the chart, or when too dense to be seen through when viewed 
directly over the top of the stack. 


OFFICE PROCEDURE. 


In addition, details of office procedure, etc., are specified according 
to circumstances. 
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PUBLICATIONS RELATING TO COAL SMOKE. 


A limited supply of the following publications of the Bureau of 
Mines has been printed. Requests for copies available for free dis- 
tribution should be addressed to the Director, Bureau of Mines. 

The Bureau of Mines issues a list showing all its publications 
available for free distribution as well as those obtainable only from 
the Superintendent of Documents, Government Printing Office, on 
payment of the cost of printing. Interested persons should apply 
to the Director, Bureau of Mines, for a copy of the latest list. 


PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION. 


Butietin 39. The smoke problem at boiler plants, a preliminary report, by D. T. 
Randall, 1912. 31 pp. 

Bu.ietin 49. City smoke ordinances and smoke abatement, by 8S. B. Flagg. 1912. 
55 pp. é 

TrecunicaL Paper 80. Hand firing soft coal under power-plant boilers, by Henry 
Kreisinger. 1915. 83 pp., 32 figs. 


PUBLICATIONS THAT MAY BE OBTAINED ONLY THROUGH THE SUPER- 
INTENDENT OF DOCUMENTS. 


Bu.ietin 1. The volatile matter of coal, by H. C. Porter and F. K. Ovitz. 1910. 
56 pp., L pl., 9 figs. 10 cents. 

BULLETIN 23. Steaming tests of coals and related investigations, September 1, 1904, 
to December 31, 1908, by L. P. Breckenridge, Henry Kreisinger, and W. T. Ray. 
1912. 380 pp., 2 pls., 94 figs. 50 cents. 

Buuetin 37. Comparative tests of run-of-mine and briquetted coal on locomotives, 
including torpedo-boat tests, and some foreign specifications for briquetted fuel, 
by W. F. M. Goss. 1911. 58 pp., 4 pls., 35 figs. 15 cents. 

Buuvetin 40. The smokeless combustion of coal in boiler furnaces, with a chapter 
on central heating plants, by D. T. Randall and H. W. Weeks. 1912. 188 pp., 40 
figs. 20 cents. 

Butvetin 135. Combustion of coal and design of furnaces, by Henry Kreisinger, 
C. E. Augustine, and F. K. Ovitz. 1917. 140 pp., 1 pl., 45 figs. 20 cents. 

TrecunicaL Paper 34. Experiments with furnaces for a hand-fired return-tubular 
boiler, by S. B. Flagg, G. C. Cook, and F. E. Woodman. 1914, 32 pp., 1 pL., 


4 figs. 5 cents. 
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